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Abstract 
The paper presents some data on construction materials market of aggregates production analysis It shows the results of 
investigation into the problem of upgrading porous aggregates based on low-bloating raw materials while using various additives 
The main additive used in the investigation is loess loam. The obtained results prove the effectiveness of both the porous 
aggregates and methods of their production. 
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1. Introduction 
Analysis of building materials market brings us to the conclusion that at the moment there exists the greatest and 
explicable demand for heat insulation materials [1-3]. Also there are reasons to expect sustainable growth and 
increase in the importance of this sector of building materials industry. Unfortunately, both in Russia and 
Kazakhstan the demand for heat insulation materials is not fully satisfied. For example, the volume of heat insulation 
materials produced per 1000 citizens is 600 m3 in Sweden, 500 m3 in the USA, 420m3 in Finland and 90m3 in 
Russia, while in Kazakhstan the quantity of similar materials produced is evidently not sufficient, though the amount 
of research devoted to this problem is considerable [4-10]. One of the solutions of the problem of improving the heat 
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insulation effectiveness of multi-purpose engineering structures is wider use of lightweight aggregate concrete that 
has proved to be effective [11-14]. 
2. Research 
The main component that makes lightweight concrete effective is claydite gravel, the production of which may 
develop successfully only if there exists a sufficiently developed and perfect raw material supplies base for 
launching such production, as well as modern technical process solutions [15, 16].  As the resources of high-bloating 
clays are decreasing, technologies of manufacturing porous aggregates out of different kinds of clay rock and clay-
containing wastes are becoming especially vital [17-23]. 
It’s well known that in Kazakhstan and Russia the resources of high-bloating clays used to produce claydite 
gravel are rather limited and have partially been mined out. The potential raw material for producing claydite gravel 
may be the kinds of clay rock, including loess loam, that practically don’t bloat and are stiff. Such kinds of loam, the 
resources of which exist practically in all regions of Kazakhstan and Russia, are rather often used to produce 
different building materials [1, 24, 25], but so far they have not been used widely to manufacture porous aggregate. 
To obtain the experimental results that will prove the possibility to use loam for manufacturing effective porous 
aggregate, the main object under research was non-bloating loess loam from Chagansky field. 
The performed microscopic study has shown that the loam taken from Chagansky field (see Fig. 1) contains 7-
12% of montmorillonite component in the form of mixed-layer buildups with hydrous mica and kaolinite.  
Fig. 1. Microstructure of loam taken from Chagansky field in West-Kazakhstan Region: hundredfold magnification (on the left); 
five hundredfold magnification (on the right). 
Phase studies have shown that the crystal phases contained in loam are quartz d,n=4.23; 3.34; 1.97; 1.812; 
1.537*10-10m, feldspar d,n=3.19; 2.287*10-10m, tiff d,n=3.03; 2.017; 1.911*10-10m, hematite d,n=1.84; 1.688; 
1.592*10-10m. 
As per the content of Al2O3 loam belongs to acid raw materials group, as per refractory properties – to low 
melting group. As per the content of Fe2O3 loam belongs to the group of raw materials with high content of coloring 
oxides (see Table 1).  
Table 1. Chemical composition of loess loam from Chagansky field. 
Name of raw 
material 
Content of oxides, % wt 
SiO2 Al2O3 TiO2 CaO MgO Fe2O3 P2O5 F SO3 CO2 Na2O K2O 
Ignition 
loss 
Loam from 
Chagansky field 51.29 12.1 - 11.9 2.08 4.8 - - 2.4 - 3.57 - 11.6 
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As per plasticity, the loam from Chagansky field belongs to moderately plastic materials group, its index of 
plasticity is 11.5. 
One of the methods used to improve bloating of clays and loam is introducing organic combustible additives – 
diesel oil, coal, ashes from thermal power plants, etc. - into batch mixture [26-28]. It’s well-known that the main 
part of costs (including 75-80% of energy cost) is connected with baking mechanism [26]. From the points of view 
of ecology and economy, the most interesting fuel-containing and modifying additive to be used in the technology of 
producing aggregate based on processing low-bloating loess loam is combustible industrial wastes – e.g., waste oil. 
The heat capacity of waste oil is 2500-3000 kcal/kg, which is equal to the heat capacity of coal, and this will 
contribute to reducing the amount of scarce and expensive fuel used for baking. 
The quality of claydite gravel, except its density, depends on its strength. Mainly the strength of lightweight 
aggregate manufactured out of typical high-bloating clays is 2-3.3 MPa in average. That’s why the task of increasing 
the strength of claydite is paid much attention to, and this task is also really vital [29-31]. 
To sum it up, in order to improve the characteristics and effectiveness of claydite gravel manufactured out of 
loam, it’s necessary to select the multicomponent additive that firstly will ensure economy baking due to the 
combustion of its organic component and contribute to bloating due to the formation of reducing agent, and 
secondly will participate in the formation of the aggregate’s strong porous crystal structure. 
As a basis for creating such a multicomponent additive, the authors used waste oil and wollastonite-containing 
slag from West-Kazakhstan Region. 
Of special note is that as there is no technology for recycling waste oil with manufacturing an effective end 
product, at present practically all waste oil is utilized by means of burning. The monitoring carried out has shown 
that only in West-Kazakhstan Region and the neighbouring areas about 700 tons of waste oil are produced and burnt 
every year. 
As a result of the research it has been found out that the batch mixture’s optimum composition is 80-90% of loess 
loam and 10-20% of the multicomponent additive made of waste oil and wollastonite-containing slag, the amount 
taken is 1:4.  
The received batch mixture was molded into granules with the help of perforated rolls and baked without pre-
drying in a rotary furnace working in a specially designed mode. 
3. Conclusion 
The results of the carried out research and tests have shown the following: 
x the rheological properties of the formed mass have improved by 50-60%; 
x the spending of fuel and power resources has decreased by 30-40%; 
x the index of bloating, as compared to pure loam, has sufficiently increased and it has reached 2-2.5; 
x the bulk density of the aggregate received is 300-450 kg,m2 in average, its conductivity being 0.07Вt,m*К; 
x the strength of claydite has increased 1.5-2 times, and has reached 4.3-5.1 MPa in average. 
It has also been found out that in the composition “loess loam – waste oil – wollastonite-containing slag” the 
formed low-melting point eutectics contribute to bringing down the temperature required for the formation of the 
pyroplastic state necessary for bloating. As a result the temperature required for baking the agent under research is 
100-150°C lower than the original agent’s, and it is 1100-1150°C. 
Thus it has been found out that it’s possible and highly perspective to use loam for producing effective porous 
aggregate, which will allow significantly expanding raw materials base, decreasing scarcity of claydite gravel and 
increasing the volume of produced lightweight concrete and of engineering structures made out of it.  
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